Some plant leaves possess a superhydrophobicity because of the exclusive structures on their surfaces. Many methods were developed to imitate the leaf structures in order to obtain the superhydrophobic copper. However, it is difficult to simulate the natural complex structures perfectly through the traditional methods. Here, we report a method to use an indicalamus leaf as a template to fabricate superhydrophobic biomorphic copper on a carbon substrate (Cu/C). This Cu/C retained the microstructures of the leaf well. It exhibited excellent superhydrophobicity after it was modified with fluorine silane. The water contact angles of the resulting products were >160°, which exceed that of the indicalamus leaf (158°). Its sliding angle was <5°.
Introduction
Often superior to synthetic materials, natural materials possess fantastic structures with amazing functions and capabilities. Since the past decade, the interest has grown in using biotemplates to prepare materials with biostructures, such as SiC, TiO 2 , Al 2 O 3 and SnO 2 . These products retain the microstructures of the original, natural materials, which are the key factors that provide the materials with excellent new properties. 1, 2) Superhydrophobic surfaces are arousing much interest since the past decade.
35) As a kind of important engineering material, copper is widely used in many industrial applications. The development of Cu surfaces with superhydrophobic properties can expand the range of traditional applications of these devices. Superhydrophobic Cu surfaces are usually prepared by constructing rough surface structures and coating them with low-surface-energy materials that often contain fluorine. 6, 7) Up to now, various methods such as the electrochemical technique, 8, 9) chemical etching, 10, 11) electroplating, 12) solution-immersion process, 13) and so forth, have been employed to fabricate artificial superhydrophobic surfaces on copper.
There are many plants with superhydrophobic capabilities, because of the combination of their hierarchical structures with low-surface-energy wax coating. 14) Figure 1 (a) shows a full-scale picture of the fresh indicalamus leaf, on which a water droplet is almost a sphere with a water contact angle (CA) of 158°( Fig. 1(b) ). The microstructure of the surface of an indicalamus leaf was shown in Fig. 1(c) , and we can clearly observe that its surface is covered with micropapillae. The surface film on the leaf is mainly composed of C and O elements constituting an organic wax with a very low surface energy. 15) Because of the combined effects of such complex structures and the wax layer, water droplets usually bead up and effortlessly roll off.
The main purpose of constructing the rough Cu surface is to imitate the microstructure found on the plant leaves. However, we cannot precisely mimic the fantastic surface structures of the hydrophobic leaves, even by using the highest levels of technology and equipment. This limits the further improvement of the superhydrophobic properties of materials. In this work, we used the indicalamus leaf as a template to fabricate superhydrophobic biomorphic copper on a carbon substrate (Cu/C). Then, the microstructure and the hydrophobicity of the surface of the obtained product were investigated. We hope that this product can inherit the surface structure and superhydrophobicity similar to that of the indicalamus leaf.
Sample Preparation and Characterization
The indicalamus leaves were used as plant templates. The dried leaves were sintered in a highly pure argon (Ar) atmosphere at a heating rate of 2°C/min to 600°C. The leaves were pyrolyzed into biomorphic carbon after Ar sintering. 16) Next, these biomorphic carbon were immersed in a Cu(NO 3 ) 2 solution (5 mass%, solvent: water) for 1 min. After drying, they were then sintered in Ar at a heating rate of 3°C/min to 500, 700 and 900°C to get a Cu coating on the carbon substrate. Finally, Cu/C was soaked in fluorine silane [FAS, F-1060,(Heptadecafluoro-1,1,2,2-tetradecyl)trimethoxysilane, molecular formula: n-CF 3 (CF 2 ) 7 CH 2 CH 2 Si(OC 2 H 5 ) 3 ] with isopropanol (at a volume ratio of 1 : 5) for 24 h. After dipcoating of FAS coating, the samples were placed in air to dry naturally.
The phases of the materials obtained in this study were identified using an X-ray diffractometer (XRD, D8 Advance, Germany). A field emission scanning electron microscopy (FESEM, Hitachi S-4800, Japan) was used to characterize the surface morphology of samples, and the elements on these surfaces were examined using an energy dispersive spectrometer (EDS). The distribution state of F element on the modified Cu/C surface was detected with an environmental scanning electron microscope (XL-30ESEM, Philips). The CA and sliding angle (SA) were measured with a contact angle measurement instrument (JC2000D2, Shanghai Zhongchen Digital Technology Apparatus Co., Ltd.) with a distilled water droplet volume of 2 and 5 µL, respectively. Figure 2 shows the XRD pattens of the materials derived from leaf templates. The XRD pattern of the material prepared by sintering the leaf to 600°C is comprised of nongraphitizable carbon, which was obtained from the pyrolysis of the leaf during sintering. 16) However, after immersing the carbon derived from the leaf into a Cu(NO 3 ) 2 solution and singtering it to above 500°C, the crystal Cu peaks appeared along with the carbon peaks and the degree of crystallization for Cu increased with the increasing in the sintering temperature. This indicates that the obtained products are mixed materials, i.e., Cu/C. The formation of Cu depends mainly on the decomposition of Cu(NO 3 ) 2 and reduction reaction between C and CuO, which can be described as the following chemical reactions:
Results and Discussion

XRD analysis
There is residual carbon in the resulting product because carbon is overdose.
Microstructures
Figures 3(a), 3(b) and 3(c) show the full-scale pictures of the biomorphic carbon derived from an indicalamus leaf, Cu/C obtained by immersing the carbon into a Cu(NO 3 ) 2 solution and sintering it at 900°C, and the modified Cu/C by soaking in FAS, respectively. It can be seen that the carbon and Cu/C surfaces maintained the macroscale structure of the leaf well, even including the slim veins in the leaf shown in Fig. 1(b) .
Figures 3(d), 3(e) and 3(f ) show the surface microstructures of biomorphic carbon, the unmodified Cu/C, and the modified Cu/C, respectively. We can see from Fig. 3(d) that biomorphic carbon retained the microstructures of the leaf surface ( Fig. 1(c) ). This is because that the mixed biopolymers in the leaf decomposed into carbon and gases during sintering in Ar, giving rise to biomorphic carbon with a morphology derived from the leaf template. 16) However, the microstructure of the leaf surface was not damaged during sintering. From Figs. 3(e) and 3(f ), we can also see that the surfaces of unmodified Cu/C and modified Cu/C showed high fidelity with this morphology. It can be deduced that Cu covered the surface of biomorphic carbon much like a coating. It can be supposed that a Cu(NO 3 ) 2 coating firstly formed on the surface of biomorphic carbon after immersing the carbon into the solution and drying. Then, during being heated to a high temperature, this Cu(NO 3 ) 2 coating decomposed into CuO, which was followed by reaction between CuO and the carbon substrate to form the Cu coating in situ.
Figure 3(h) shows the distribution state of F element on the modified Cu/C surface ( Fig. 3(g) ). It can be seen that the F element spread uniformly on the surface. From its microstructure in Fig. 3(f ) , we can see that the surface of the modified Cu/C also keeps the original structure of indicalamus leaf. It can be confirmed that FAS also formed a coating on the surface. Figure 3(i) shows the EDS spectra of the biomorphic carbon, unmodified Cu/C, and modified Cu/C. From the spectra, we can clearly see that biomorphic carbon mainly contains C and O and other trace elements. However, the surface of the unmodified Cu/C develops the Cu peaks. Furthermore, the element F emerges on the surface of the modified Cu/C. Figures 4(a) 4(e) show the images of water drops on several different surfaces. On the unmodified Cu/C surfaces, the water cannot form a droplet; instead, the water spreads out quickly, as shown in Fig. 4(a) . However, the water formed a droplet on the modified Cu/C surface, as shown in Fig. 4(b) . The water CA of this surface is 165° (Fig. 4(c) ), which is greater than that of the indicalamus leaf (158°) shown in the inset of Fig. 1(b) . The water droplet is hardly able to stick on the modified surface and rolls off easily. The SA of this surface is only 4.5°, as shown in Fig. 4(d) . All of these indicate that the Cu/C surface modified with FAS exhibits superhydrophobicity. The reason for alteration of wettability can be explained by that the chemical composition of the surface is a key factor in hydrophobicity. It should be noted that a CA value of only 107°was measured on a modified smooth Cu surface (with no rough structures) for reference, as shown in Fig. 4(e) . Both surfaces mentioned in Figs. 4(c) and 4(e) were covered with the same FAS, but show different hydrophobicities. This is because that the surface geometry also has a significant effect on the hydrophobicity of the material. In addition, we prepared further modified Cu/C surfaces by changing various processing parameters such as the concentration of the Cu(NO 3 ) 2 solution, sintering temperature of Cu, and time of FAS immersion. These surfaces exhibited superhydrophobicity. Table 1 lists the water CAs of the modified Cu/C surfaces prepared with different processing parameters. The water CAs in the table are very close, and despite our attempts, we have not found any obvious regular relationships between the water CAs and these processing parameters.
Hydrophobic properties
Conclusions
We present the preparation of the superhydrophobic Cu/C surfaces that is similar to the surface structures of the indicalamus leaves with high fidelity, by immersing the biomorphic carbon derived from the indicalamus leaf in a Cu(NO 3 ) 2 solution and then sintering it. The microstructure of the leaf surface was successfully transferred to the resulting materials. The biomorphic Cu/C surface showed tremendous water repellency (static water CA is 165°and SA is about 4.5°) after modifying it by FAS. Compared with conventional methods, this approach is facile and highly faithful to the structure of the original template. It is suitable for mass replication of the very intricate topography of the structures of leaves. 
